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$EVWUDFW1RZDGD\VPRVW RI WKH ILUPV DUH LQYROYHG LQ D VXVWDLQDEOH GHYHORSPHQW DSSURDFK DLPLQJ WRHQVXUH
ILQDQFLDO VRFLDO DQGHQYLURQPHQWDOSHUIRUPDQFHLQRUGHUWRVDWLVI\OHJLVODWLRQDQGFXVWRPHUVWKDWKDYHEHFRPH
LQFUHDVLQJO\ GHPDQGLQJ 5HYHUVH ORJLVWLFV LV SDUW RI WKH SURFHVV RI VXVWDLQDEOH GHYHORSPHQW  7KLV SURFHVV
WULJJHUHG E\ WKH FRQVXPHU FRQVLVWV LQ D VHULHV RI DFWLYLWLHV UHTXLUHG IRU UHFRYHU\ DQG UHSURFHVVLQJ RI XVHG
SURGXFWV7KHVHSURGXFWVFDQEHUHXVHGLQVRPHFDVHV,QWKHIUDPHZRUNRIVXVWDLQDEOHGHYHORSPHQWWKLVSDSHU
LVFRQFHUQHGE\WKHGHVLJQDQGWKHHYDOXDWLRQSURFHVVRIZLWKGUDZDOSODQVLQWKHILHOGRIDLUFUDIWGLVPDQWOLQJ$
PXOWLFULWHULD GHFLVLRQ DLG VXSSRUW EDVHG RQ%2&5DQDO\VLV  LV SURSRVHG WR VHOHFW DGHTXDWHZLWKGUDZDO SODQV
9DULDEOHV XVHG WR HYDOXDWH DFDQGLGDWHZLWKGUDZDOSODQFRQVWLWXWHZKDWZHUHIHUWRDVUHSDWULDWLRQ WUDMHFWRU\$
UHSDWULDWLRQ SODQ LV HYDOXDWHG RQDELSRODUVFDOHE\WZRPHDVXUHVQDPHO\VHOHFWDELOLW\PHDVXUHDQGUHMHFWDELOLW\
PHDVXUHLQWKHIUDPHZRUNRIVDWLVILFLQJJDPHWRKLJKOLJKWSRVLWLYHDVSHFWVDQGQHJDWLYHDVSHFWVZLWKUHJDUGVWR
GHFLVLRQPDNLQJPDLQ REMHFWLYHV
.H\ ZRUGV %2&5 DQDO\VLVELSRODULW\GHFLVLRQDLGVXSSRUWVFUDSSHGDLUFUDIWUHYHUVHORJLVWLFV
 ,QWURGXFWLRQ
1RZDGD\V VXVWDLQDEOH GHYHORSPHQW QRWLRQ LV SHUYDVLYH LQ VRFLRHFRQRPLF OLIH DQG D JURZLQJ LQWHUHVW RI
DFDGHPLFDQGEXVLQHVVFRPPXQLW\LVREVHUYHGDERXWWKHSURFHVVHVUHODWHGWRWKDWILHOG,QGHHGWKHH[LVWHQFHRI
OHJLVODWLYH SUHVVXUHV LQ WHUPV RI HQYLURQPHQWDO SURWHFWLRQ DQG HFRQRPLF EHQHILWV *RGLFKDXG HW DO 
JHQHUDWHG E\ SROLF\ RI VXVWDLQDEOH HQYLURQPHQW UHTXLUHV WR IRFXV RQ  HFRQRPLF HQYLURQPHQWDO DQG VRFLDO
DVSHFWV7KHVHDVSHFWVDUHYHU\LPSRUWDQWDVWKH\DUHFRQVLGHUHGDVFULWLFDOIDFWRUVLQPHDVXULQJWKHFRQWULEXWLRQ
RI D ILUP WR VXVWDLQDEOH GHYHORSPHQW )RU H[DPSOH HFRQRPLF EHQHILWV  IRU DGRSWLQJ UHYHUVH ORJLVWLFV E\
PDQXIDFWXUHUV DUH FRVW VDYLQJ RU LPSURYHPHQW RI WKH FRUSRUDWH LPDJH  DOORZLQJ WKH FRPSDQ\ WR JDLQ
FRPSHWLWLYHDGYDQWDJHDQGWRLQFUHDVHWKHHQYLURQPHQWDOSHUIRUPDQFH(YDQJHOLQRV$OODQ
7KXV HQGRIOLIH (2/ V\VWHPV PDQDJHPHQW LV EHFRPLQJ DPDMRU FRQFHUQ IRU V\VWHPVPDQXIDFWXUHUVZKLFK
DOORZV UHGXFLQJ WKH QHJDWLYH LPSDFW RI WKHVH V\VWHPV RQ WKH HQYLURQPHQW DQG LQFUHDVLQJ EHQHILWV RI
PDQXIDFWXUHUV WKDQNV WR UHF\FOLQJ DQG UHFRYHU\ RSHUDWLRQV ,QGHHG (2/ V\VWHPV PDQDJHPHQW DOORZV WKH






EH UHXVHG DQG UHLQWURGXFHG LQ WKH VHFRQG KDQG SDUWV PDUNHW (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV 5HVHDUFK
&RXQFLO7KHUHF\FOLQJKDVEHHQFRQVLGHUHGIRUUHWLUHGSODQHVDQG%RHLQJ¶VUHVHDUFKVKRZHGWKDWWKHPRVW
HIIHFWLYH ZD\ WR PD[LPL]H DLUSODQH UHF\FOLQJ ZRXOG EH WR GHYHORS VROXWLRQV LQ D FROODERUDWLYH IDVKLRQ ZLWK
FRPSDQLHVWKDWDUHDOUHDG\HIIHFWLYHO\HQJDJHGLQWKDWDFWLYLW\)RUH[DPSOHUHF\FOLQJFDUERQILEHUFDQEHGRQH
DW DSSUR[LPDWHO\  SHUFHQW RI WKH FRVWZLWKOHVVWKDQSHUFHQWRIWKHHOHFWULFLW\UHTXLUHGWRPDNHQHZFDUERQ
ILEHU&DUEHUU\7KXVWRLPSURYHROGHUIOHHWDVVHWPDQDJHPHQWDQGSURPRWHWKHEHVWSUDFWLFHVLQWHUPVRI
GHFRQVWUXFWLRQVRPHJURXSVDQGSURMHFWVVXFKDV3$0(/$3URFHVVIRU$GYDQFHG0DQDJHPHQWRI(QGRI/LIH
$LUFUDIW RU $)5$ $LUFUDIW )OHHW 5HF\FOLQJ $VVRFLDWLRQ KDYH HPHUJHG GULYHQ E\ FRPSDQLHV LQ WKDW FDVH
  
$LUEXV DQG %RHLQJ UHVSHFWLYHO\ WR RSWLPL]H UHF\FOLQJ DQG YDORUL]DWLRQ RI DLUFUDIW PDWHULDOV IRU VDIH DQG
HQYLURQPHQWDOO\ UHXVHDQGUHGXFHWKHTXDQWLW\RIZDVWHWREHHOLPLQDWHG
7KHLUPLVVLRQVDUHWRHQFRXUDJHUHF\FOLQJDLUFUDIWVE\VKRZLQJWKDWRIUHWLUHGSODQHVFRPSRQHQWVFDQEH
UHF\FOHG UHXVHG RU UHFRYHUHG &RWHV   HQVXUH VHFXULW\ SURSRVH HFRQRPLF DQG HQYLURQPHQWDO
PDQDJHPHQW RI (2/ DLUFUDIW DQG VXJJHVW VROXWLRQV IRU WKH UHXVH RI DLUSODQH SDUWV DQG DVVHPEOLHV IURP ROGHU
DLUSODQHV&DUEHUU\  
,Q IDFW WKH ROGHU IOHHWPDQDJHPHQW DQG DLUFUDIW VFUDSSLQJ RIWHQ LQYROYH FRQIOLFWLQJ HFRQRPLF HQYLURQPHQWDO
DQG VRFLRHFRORJLFDO LPSDFWV )RU H[DPSOH ORFDWLQJ D QHZ ZLWKGUDZDO SODQ IRU WKH GLVPDQWOLQJ HQG RI OLIH
DLUFUDIW UHTXLUHVRSWLPL]LQJ VRPHSUHIHUHQFHLQGLFDWRUVVXFKDV ORJLVWLFFRVWVHQYLURQPHQWDOHIIHFWV«HWF
%\ FRQVLGHULQJ WKDW WKHZLWKGUDZDO SODQ SUHFLVHV WKH UHSDWULDWLRQ SODQ RI WKH(2/DLUFUDIWXQWLOLWVGLVPDQWOLQJ
SODFH *RGLFKDXG 3pUqV  WKH ZLWKGUDZDO GHVLJQ SKDVH LV UHDOL]HG ILUVWO\ LQ RUGHU WR  GHWHUPLQH WKH
FRPSOH[LW\RIWKHWUDQVSRUWWKHGHSWKRIGLVDVVHPEO\DQGWKHVHTXHQFLQJRIRSHUDWLRQVDFFRUGLQJWRVXVWDLQDEOH
GHYHORSPHQW/REDWR 
$Q HYDOXDWLRQ SKDVH PXVW WKHQ EH UHDOL]HG WR FKRRVH WKH EHVW DOWHUQDWLYH DPRQJ GLIIHUHQW H[LVWLQJ SODQH
GHFRQVWUXFWLRQ SODFHV ,Q IDFW VHYHUDO VLWHVFDQEHFDQGLGDWHVIRUWKHGHFRQVWUXFWLRQRSHUDWLRQVZKLFKOHDGWR
PDQ\VROXWLRQVLQWHUPVRIORJLVWLFV
,Q WKLV FRQWH[W WKLV SDSHU DGGUHVVHVWKHVFUDSSHGDLUFUDIWZLWKGUDZDOSODQORFDWLRQSUREOHP7RVHOHFWWKHEHVW








$ V\VWHPRI GHFRQVWUXFWLRQ LV  D VHTXHQFH RI FRPSOH[ SURFHVVHVWKDWEHJLQVZLWKWKHGHFRPPLVVLRQLQJRIWKH
DLUFUDIW XQWLO WKH WUHDWPHQW RI LWV FRQVWLWXHQWV ,W DLPV WR GHFRQVWUXFW WKH HQG RI OLIH V\VWHPV VRDVWRUHFRYHU
UHXVDEOHRUUHF\FODEOHSDUWVLQFRPSOLDQFHZLWKHQYLURQPHQWDO VWDQGDUGV





- 7KH GLVPDQWOLQJ SURFHVVLVJHQHUDOO\GRQHRQSUHPLVHVVSHFLDOL]HGLQGHFRPPLVVLRQLQJ7KHJRDOLVWR
UHFRYHU WKH FRPSRQHQWV WKDW KDYH WKH SRWHQWLDO WR EH UHXVHG RQ WKH RQHKDQGHQJLQHODQGLQJJHDU












 6WUXFWXUHG IUDPHZRUN IRUDQDO\VLV 
2XU LVVXH WKDW LV WKH VHOHFWLRQ RI WKHEHVWVLWHRIGLVPDQWOLQJ LVIRUPXODWHGDVDPXOWLFULWHULDGHFLVLRQSUREOHP











:H SURSRVH LQ WKLV SDSHU D VWUXFWXULQJ IUDPHZRUN EDVHG RQ D %2&5 DQDO\VLV FRPELQHG ZLWK WKH$QDO\WLF
+LHUDUFK\ 3URFHVV $+3 PHWKRG DV DVVHVVPHQW WRRO 7KH %2&5 DQDO\VLV UHVXOWV IURP FRQYHUJHQFH RI



























RI WKH LPSRUWDQFH RI WKH REMHFWLYHZHLJKW FRQVLGHULQJ  WKH RYHUDOO JRDO$ SDLUZLVH FRPSDULVRQ RI WKH VHW RI
REMHFWLYHVLVDFKLHYHGE\DQVZHULQJTXHVWLRQVVXFK³KRZLPSRUWDQWLVREMHFWLYH Ԣ݋௞ԢFRPSDUHGWRWKHREMHFWLYH
ࣟ௥௢ ࣟ௖௢ ࣟ௢௢ ࣟ௕௢ 
ߪ௥௢ ߪ௖௢ ߪ௢௢ ߪ௕௢ 




%HQHILW% 2SSRUWXQLW\2 &RVW& 5LVN5
$OWHUQDWLYHVX
  








REWDLQHG IRU PRUH GHWDLOV VHH  7FKDQJDQL HW DO  7KH UHODWLYH LPSRUWDQFH RI DWWULEXWHV FRQVLGHULQJ
REMHFWLYHVߪൈ௢LVDOVRREWDLQHGE\SDLUZLVHFRPSDULVRQRIDWWULEXWHVFRQVLGHULQJREMHFWLYHVIRUHDFKDWWULEXWHVXEVHW RQ HDFK ൈൌ ܾǡ ݋ǡ ܿǡ ݎ IDFWRUV(YDOXDWLRQ DOWHUQDWLYHPDWUL[ FRQVLGHULQJ GLIIHUHQW VXEVHWV RI DWWULEXWHVࣟൈ௢ ሺൈൌ ܾǡ ݋ǡ ܿǡ ݎሻ IDFWRUV FDQ EH REWDLQHG LQ WZRZD\VIRUDJLYHQDWWULEXWHLIWKHHYDOXDWLRQRIWKHDOWHUQDWLYHLV
QXPHULFDOZLWKܽ݇ሺݑ௜ሻ WKH SHUIRUPDQFH RI DOWHUQDWLYHݑ௜ZLWKUHJDUGWRܽ௞ WKHQWKHSDLUZLVHFRPSDULVRQPDWUL[߮ൈ௔ೖLVREWDLQHGWKURXJKHTXDWLRQ
 ߮ൈ௔ೖሺݑ௜ ǡ ݑ௝ሻ ൌ ୩ ሺ୧ሻ୩ ሺ୨ ሻ  
2WKHUZLVHWKHPDWUL[ LVREWDLQHGXVLQJWKH$+3SURFHGXUHE\DQVZHULQJDTXHVWLRQRIWKHIRUP KRZZHOO GRHV
SHUIRUP DOWHUQDWLYHݑ௜FRPSDUHGWRDOWHUQDWLYHݑ௝ZLWKUHJDUGWRDWWULEXWHܽ ௞ "DQGWKHPDWUL[ LVREWDLQHGE\
HTXDWLRQ































 ߑݍ ൌ  ሼݑ א ܷ ׷ ߤௌሺݑሻ  ൒ ݍߤோሺݑሻሽ  
7KH FDXWLRQ LQGH[ݍ FDQEHXVHGWRDGMXVWWKHDVSLUDWLRQ OHYHOLQFUHDVHݍ LIWRRPDQ\DOWHUQDWLYHV DUHGHFODUHG
VDWLVILFLQJRURQWKHFRQWUDU\GHFUHDVHݍ LIߑݍ LVHPSW\IRULQVWDQFH
+RZHYHU WKHUH DUH PDQ\ FDVHVZKHUH VRPH DOWHUQDWLYHV KDYH EHWWHU V HOHFWDELOLW\ DQG ORZHU UHMHFWDELOLW\ WKDQ
RWKHUVLWLVFOHDUWKDWLQVXFKVLWXDWLRQWKHGHFLVLRQPDNHUZLOOZDQWWRFKRRVHWKHVHDOWHUQDWLYHVWKHLQWHUHVWLQJ
VHWZRXOGEHWKHVHWZKHUHVDWLVILFLQJDOWHUQDWLYHVDUHWKHEHVWZLWKRXWDOWHUQDWLYHEHWWHUWKDQWKHP
7KHQZH GHILQH WKH HTXLOLEULXP VHWܧ DV D VHW DOWHUQDWLYHV IRUZKLFKWKHUHDUHQRVWULFWO\EHWWHUDOWHUQDWLYHV
ZKLFKFDQQRWEHHPSW\E\WKHIROORZLQJGHILQLWLRQVHHHTXDWLRQ
 ܧ ൌ  ሼݑ א ܷ ׷ ܦሺݑሻ  ൌ ׎ሽ  

DQGWKHVDWLVILFLQJHTXLOLEULXP VHWܧ௤ௌ LVJLYHQE\
 ܧ௤ௌ  ൌ ܧ ת ߑݍ   
%\ XVLQJ VDWLVILFLQJ JDPH WKHRU\ DV ILQDO DJJUHJDWLRQ SURFHVV VHOHFWDELOLW\ DQG UHMHFWDELOLW\ PHDVXUHV DUH
REWDLQHGDVIROORZLQJIRUDQDOWHUQDWLYHݑ௜
 ߤ௦ሺݑ௜ሻ ൌ ߛܤሺݑ௜ሻ ൅ ሺͳ െ ߛሻܱሺݑ௜ሻσ ሺߛܤሺݒሻ ൅ ሺͳ െ ߛሻܱሺݒሻሻ௩א௎   

 ߤ௦ሺݑ௜ሻ ൌ ߛܤሺݑ௜ሻ ൅ ሺͳ െ ߛሻܱሺݑ௜ሻσ ሺߛܤሺݒሻ ൅ ሺͳ െ ߛሻܱሺݒሻሻ௩א௎   ZLWK
 ܺሺݑሻ ൌ ෍ ۉۈۈ
ۇߪ௢ ൫݋௝൯ۉۈ




௢ೕאை   
ZKHUHܺ ൌ ܤǡ ܱǡ ܥǡ ܴ UHSUHVHQW DJJUHJDWLRQ PHDVXUHV IRU ൈൌ ܾǡ ݋ǡ ܿǡ ݎ IDFWRUV IRU HDFK DOWHUQDWLYHݑ௜UHVSHFWLYHO\ߛVWDQGVIRUWKHLQGH[RIULVNDYHUVLRQDQGLVXVHGWRWDNHLQWRDFFRXQWWKHEHKDYLRURIGHFLVLRQPDNHUVWRZDUGV
ULVN :KHQ WKH DYHUVLRQ ULVN LQGH[ JRHV WR  KLJKO\ ULVN\ GHFLVLRQPDNHU SRVLWLYH XQFHUWDLQ IDFWRU QDPHO\
RSSRUWXQLW\ DQG QHJDWLYH FHUWDLQ IDFWRU LQ WHUPV RI FRVW DUH IDYRUHG SRWHQWLDO JDLQ YHUVXV LPPHGLDWH FRVW
ZKDWHYHUWKHSRWHQWLDOWKUHDWZKHUHDV ZKHQȖWHQGVWRZDUGVDULVNDYHUVLRQGHFLVLRQPDNHUSRVLWLYHFHUWDLQ
IDFWRU EHQHILW LV FRPSDUHG WR QHJDWLYHXQFHUWDLQIDFWRUULVNDFWXDOJDLQYHUVXVSRWHQWLDOWKUHDWZKDWHYHUWKH
FRVWWRSD\
 $SSOLFDWLRQ H[DPSOH
,Q WKLV VHFWLRQ ZH VKRZ KRZ WR XVH RXU DSSURDFK WR UHVROYH WKH VFUDSSHG DLUFUDIWZLWKGUDZDO SODQ ORFDWLRQ
SUREOHP$+3SURFHGXUH FRPELQHG WR%2&5DQDO\VLVLVXVHGWRVHOHFW WKHPRVWVDWLVILFLQJDLUFUDIWGLVPDQWOLQJ
VLWH
D 'DWD 
7KH GDWD XVHG LQ WKLV SUREOHP DUH WDNHQ IURPWKHZRUNRI/REDWR/REDWR7KH\KDYHEHHQWUHDWHG
DQG VWDQGDUGL]HG IRU RXU QHHGV 7KH RYHUDOO JRDO LV WR UHSDWULDWH DQ HQG RI OLIH DLUFUDIW WR D GLVPDQWOLQJ
SODWIRUP(FRQRPLFHQYLURQPHQWDODQGVRFLDOREMHFWLYHVKDYHEHHQIL[HGE\WKHJURXSRIGHFLVLRQPDNHUV
7KHLQGLFDWRUVXVHGWRFDOFXODWHWKHGHJUHHRIDFKLHYHPHQWRIREMHFWLYHVDUHHOLFLWHGE\GHFLVLRQPDNHUVIRU







WKH HTXDWLRQV  DQG  7KH UHVXOWV REWDLQHG DUH VXPPDUL]HG LQ 7DEOH  7KHQ VHOHFWDELOLW\ PHDVXUH LV
FDOFXODWHGE\FRPELQLQJWKHEHQHILWDQGRSSRUWXQLW\FRQWULEXWLRQIRUHDFKDOWHUQDWLYHHTXDWLRQDQGPHDVXULQJ
UHMHFWDELOLW\E\DJJUHJDWLQJWKHFRVWDQGULVNFRQWULEXWLRQRIHDFKDOWHUQDWLYHHTXDWLRQ7DEOHVXPPDUL]HV
WKH UHVXOWV REWDLQHG )RU HDVLHU UHDGLQJ RI WKHVH UHVXOWV WKHJUDSKLFDOUHSUHVHQWDWLRQRIWKHVHWHUPV ሺߤ௦ǡߤ௥ሻ
SODQH LV GRQH:H REWDLQHG  JUDSKV E\ YDU\LQJ ULVN DYHUVLRQ LQGLFHVȖ Ȗ Ȗ )LJXUH:HFDQ
REVHUYHHDVLO\WKHVDWLVILFLQJHTXLOLEULXP VHWIRUHDFKFDVHDWWKHFDXWLRQLQGH[T 




RIPDWHULDOVWREHUHF\FOHG        
SULFHRUYDOXHRIPDWHULDOVWR
UHF\FOH        (852.*
5HXVHG
SURGXFWV
RISDUWVRIV\VWHPVWRUHXVH        
UHVDOHYDOXHRIPDWHULDO        (85281
(QHUJ\YDOXH RIZDVWHV        (QHUJ\YDOXH        (852.*
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